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Calculation of pKa in Proteins with the MM_SCP
Jufang Shan, Ernest L. Mehler.
Weill Cornell Medical College, New York, NY, USA.
The accuracy of theMicroenvironmentModulated_Screened Coulomb Poten-
tial (MM_SCP)1 to predict pKa values for titratable residues in biological mac-
romolecules is analyzed. This self-consistent approach calculates electrostatic
energetics using a modified form of the SCP-continuum solvent model2, which
is modulated by the hydrophobicity of the local environment around the titrat-
able group. The analysis has been applied to 345 ionizable groups (Asp, Glu,
His, Cys, Tyr, Lys, N- and C-termini) in 59 proteins belonging to multiple
structural classes. Among these residues, 82% were predicted with errors
< 1 unit), although half of residues with large shifts were correctly predicted
(error <1 unit). Further analysis showed that the MM_SCP accounts for the
pKa shifts of ionizable groups in hydrophobic microenvironment3 and treats in-
teraction energies very well. Most errors originate from steric clashes or im-
proper handling of certain interaction pairs (e.g., ionic H-bonds). A feature
in the MM_SCP was used to identify steric clashes between the titratable res-
idue and other parts of the sequence; after local minimization the calculated
pKa improved by half a unit in more than half the cases. Other methods to im-
prove the predictions will be discussed, such as optimizing the H-bond net-
work, or using refined reference pKa values4 which improves the root mean
square deviations by at least 0.1 unit for 25 proteins.
1. Mehler, E.L. and Guarnieri, F., Biophysics J.,1999. 77: p. 3.
2. Hassan, S.A., et al. J. Phys. Chem. B,2000. 104: p. 6478.
3. Mehler, E.L., et al. PROTEINS: Stru. Func. Genet.,2002. 48: p. 283.
4. Thurlkill, R.L., Grimsley, G.R., Scholtz, J.M., and Pace, C.N., Protein Sci-
ence,2006. 15 p. 1214.
Platform AO: Membrane Protein Function
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Structural Pathway for Water Permeation through Sodium-Glucose
Cotransporters
Louis J. Sasseville1, Javier E. Cuervo2, Jean-Yves Lapointe1,
Sergei Y. Noskov2.
1Universite´ de Montre´al, Montre´al, QC, Canada, 2University of Calgary,
Calgary, AB, Canada.
Although water permeation across cell membranes occurs through many trans-
porter proteins, the only permeation mechanism resolved at atomic resolution is
that for aquaporins. Recent crystallization of the Vibrio parahaemolyticus
sodium-galactose transporter (vSGLT, in the inward facing configuration) al-
lowed investigation of putative water permeation pathways through both
vSGLT and the homologous human Na-glucose cotransporter (hSGLT1) using
Grand Canonical Monte-Carlo and Molecular Dynamics simulations. For
vSGLT, simulations showed the presence of a water-filled pathway which is in-
terrupted in the middle of the protein. In contrast, an hSGLT1 homology model
produced a continuous water permeation pathway passing through the sugar
binding site and featuring a single constriction zone. Potential of mean force
(PMF) calculations indicate that water accessibility to the constriction zone
is nearly without cost energetically. However, the constriction zone is associ-
ated with an energy barrier of 852 Kcal/mol which is modulated by the posi-
tion of side chain residues located in transmembrane segments 2 and 6 (F101
and A105 in TM2, M283 and L286 in TM6). This value is similar to previously
published activation energy values for the passive water permeability of rabbit
SGLT1 (95 1 and 55 1 kCal mol-1 (Loo et al., 1996 and 1999)). Comparison
with multiple crystallized conformations of a structurally homologous cotrans-
porter (Mhp1) suggested conservation of the constriction zone during a com-
plete cotransport cycle. Electrophysiology coupled with volumetric
measurements of hSGLT1-expressing oocytes showed little dependence of
cotransporter-mediated water permeability on the extracellular presence of so-
dium or on the membrane potential applied. This confirms that the cotrans-
porter passive water permeability is independent of conformation. These
results provide groundwork for understanding the structural basis of cotrans-
porter water permeability.
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Conformation and Ion Transport of Neuronal Uncoupling Proteins
Tuan Hoang, Matthew D. Smith, Masoud Jelokhani-Niaraki.
Wilfrid Laurier University, Waterloo, ON, Canada.
Located in the inner mitochondrial membrane, uncoupling proteins (UCPs) dis-
sipate the proton electrochemical gradient causing reduction in the rate of ATP
synthesis. Three UCP homologues (UCP2, UCP4 and UCP5), expressed in neu-
rons, are suggested to have potential roles in the function and protection of the
central nervous system (CNS). Extensive biochemical studies on UCP2 haveprovided adequate evidence for its participation in proton and anion transport.
So far, no functional studies in proteoliposome systems have been performed
on UCP4 and UCP5. Due to the lack of high resolution structures, structural in-
formation for UCPs remains limited. The goals of this study are to gain further
information on the conformations and functional properties of neuronal UCPs
reconstituted in liposomes. The emphasis is on UCP4 and UCP5 and their com-
parison to UCP2. Recombinant versions of all five UCPs have been success-
fully expressed, purified and reconstituted in liposomes. All UCPs formed
dominantly helical conformations in negatively charged phospholipid vesicles
as detected by CD spectroscopy [Ivanova et al (2010) Biochemistry 49(3): 512-
21]. Neuronal UCPs also share common structural and binding properties with
UCPs 1 and 3, implying a common physiological role in addition to their spe-
cific roles in the CNS. Ion transport assays (proton and chloride) for reconsti-
tuted neuronal UCPs have been developed using anion-sensitive fluorescent
probes. Purine nucleotide inhibitions of these proteins resulted in decrease in
the initial transport rate. Preliminary results show that reconstituted UCP5
has proton transport activity that is inhibited by ATP. Similar experiments
are planned for UCP4. Transport activities of the all neuronal UCPs will be
compared to those of the prototypical UCP1. The outcome of this study will
clarify several aspects of the structure-function relationships of the least studied
UCPs 4 and 5 and their possible physiological roles in the CNS.
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Lipid-Mediated Helix Gating in the GlpG Rhomboid Protease from
Escherichia Coli
Stephen H. White, Ana Nicoleta Bondar.
University of California at Irvine, Irvine, CA, USA.
Intramembrane proteases cleave transmembrane substrates to liberate mole-
cules that participate in essential cellular processes, such as cell signaling
and gene regulation. Understanding how intramembrane proteases work re-
quires knowledge of how substrates are docked and cleaved within the mem-
brane plane. We find that lipid interactions and the presence of the substrate
affect significantly the structure and dynamics of the helical gate and of the
cap loop that control access to the active site of the GlpG rhomboid protease
from E. coli.
In the absence of the substrate, the 1-palmytoyl-2-oleoyl-sn-glycero-3-phos-
phatidyethanolamine (POPE) lipid molecule bound to the protease active site
remains closely associated with the protease on the ~90ns timescale of the mo-
lecular dynamics (MD) simulation. Presence of the Spitz transmembrane sub-
strate perturbs the interactions between the protease and the active-site lipid
molecule. The substrate and whether or not a lipid headgroup is bound to the
active site affect the orientation of the lateral gate helix 5 relative to the rest
of the protein, the structure and dynamics of the cap loop, and the interaction
between the catalytic serine and water. This suggests that lipid molecules
may be involved in controlling the access to the active site of intramembrane
proteases.
This research was supported in part by the National Institute of General Med-
ical Sciences (GM-74637 and GM-86685 to S.H.W) and an allocation of com-
puter time from the National Science Foundation through the TeraGrid
resources at TACC (Ranger).
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Functional Sites of Interaction Between G-Protein bg Subunits and GIRK
Channels
Rahul Mahajan, Diomedes E. Logothetis.
Virginia Commonwealth University, Richmond, VA, USA.
G-proteins transduce extracellular signals received by cell surface receptors
into cellular responses. Each of the a and the bg subunits of G-proteins prop-
agate signaling by activating or inhibiting various effector molecules in order to
modulate cellular function. The first reported Gbg effectors were the G-protein
coupled inwardly rectifying Kþ (GIRK or Kir3) channels. Previous studies
have shown that Gbg plays a necessary role in stimulation of both basal as
well as agonist-induced components of GIRK channel currents. Work from
our lab has shown that mutation of specific residues on the channel or Gbg
may preferentially affect one or the other of these components of GIRK current,
leading to our working hypothesis: distinct interactions of Gbg and GIRK
channels contribute to basal versus agonist-induced currents.
Through a novel combination of existing protein-protein docking methods, we
are predicting sites of interaction between Gbg and the GIRK1 channel. Initial
rigid body docking results from ZDock and ZRank were filtered using steric re-
straints posed by the membrane and the Gbg prenyl moiety. Clustering analysis
(ClusPro server) was employed for selection of candidate structures for further
flexible side-chain refinement with RosettaDock. Residue contacts predicted to
be important for protein-protein interaction are tested and functionally charac-
terized by site directed mutagenesis and two-electrode voltage clamp
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basal activity, agonist-induced activity, or both. Predicted sites of contact in-
clude several residues on the channel or Gbg previously shown to individually
affect channel function, although the residues on both proteins comprising
a complete interaction site remain unknown to date. These preliminary results
give us confidence that the inclusion of further experimental restraints will fur-
ther elucidate the distinct residue interactions involved in the mediation of
agonist-induced versus basal currents.
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Studies of a Channel-Forming Peptide Inserted into Liposomes formed by
POPC:POPS and POPC:POPE
Maria B. Seabra1, Sushanth Gudlur2, John M. Tomich2.
1Federal University of Pernambuco, Recife, Brazil, 2Kansas State University,
Manhattan, KS, USA.
Peptide-based channel replacement therapy attempts to use channel-forming
peptides to establish new ion conductive pathways through the cell membrane.
In the present study, a 22 residue amino acid peptide derived from the second
transmembrane segment of the alpha-1-subunit of the glycine receptor
(M2GlyR) was investigated because it has previously shown high conductance
as a channel-forming peptide in MDCK cells monolayers in Ussing chamber
experiments.
As membrane models, liposomes formed by different phospholipids common
to mammalian plasma membranes were made by extrusion at different ratios
and then the ion channel peptide was added into the artificial bilayer in order
to study the peptide-lipid interactions. These mixtures were analyzed using
Trp fluorescence blue shifts, which is an indication of peptide insertion, Trans-
mission Electron Microscopy (TEM) as well as Circular Dichroism (CD).
The Trp fluorescence results showed the highest blue shift for POPC:POPS and
POPC:POPE at 7:3 and 6:4 ratios respectively. These results indicated that the
peptide was inserted into the artificial bilayer in a phospholipids’ ratio and com-
position dependent manner. TEM analysis showed the formation of Small Uni-
lamellar Vesicles (SUVs) and Large Unilamellar Vesicles (LUVs) in a size
range of 80-120 nm with both systems. The circular dichroism spectra showed
an alpha helical content for the peptide without liposomes under 40% TFE and
SDS. However, the CD for the peptide/liposomes mixtures showed predomi-
nantly random coiled structures.
Taken together, these results suggest that an artificial membrane model contain-
ing different phospholipids can be a useful tool of studying this channel-
forming peptide insertion and peptide/lipid interaction.
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Insertion Properties of a Transmembrane Helix from CFTR through
Potential of Mean Force
Alan Chetwynd.
University of Oxford, Oxford, United Kingdom.
The process of transmembrane helix insertion is complex, mediated by the
translocon apparatus. Many attempts have been made to measure the free en-
ergy of insertion of both alpha-helices and individual residues into the mem-
brane, using computational, theoretical and experimental techniques. We
have used coarse-grain molecular dynamics simulations to calculate the poten-
tial of mean force of the second transmembrane helix from CFTR along a reac-
tion path corresponding to translation of the helix across a lipid bilayer. The
free energies of insertion suggested by the PMFs were approximately an order
of magnitude larger than those measured by translocon-mediated insertion, al-
though consistent with simple models constructed from residue-based hydro-
phobicity scales. Using a lipid bilayer with a thinner hydrophobic region
significantly reduced the free energy of insertion, in good agreement with ex-
perimental data and high throughput simulation approaches. Our data, along-
side data from high throughput simulations, suggests that (i) helices that are
in the translocon and about to be inserted may be located in a hydrophobic re-
gion thinner than the core of the lipid bilayer and (ii) helices that are not in-
serted into the membrane may experience an environment akin to the
membrane / water interface.
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Environmental Influences on the Conformational Dynamics of Tonb-
Dependent Transporters: Molecular Dynamics Simulations of Complex
Membrane Models
Thomas J. Piggot, Daniel A. Holdbrook, Syma Khalid.
University of Southampton, Southampton, United Kingdom.
The outer membrane of Gram-negative bacteria is a complex mixture of Lipo-
polysaccharide (LPS) and phospholipids. LPS is distributed in the outer leaflet
of this membrane and is composed of Lipid A, which anchors the LPS into the
membrane, the core oligosaccharide and the O-antigen. LPS plays a key role inmany bacterial functions, such as controlling membrane permeability and pro-
viding antibiotic resistance, as well as inducing septic shock upon infection of
a mammalian host. In addition to these roles, LPS is vital for the correct func-
tioning of proteins located within the outer membrane of Gram-negative bacte-
ria. Despite reports of numerous simulation studies of bacterial outer membrane
proteins, only a limited number of these studies have been performed using
membrane models incorporating LPS.
In the present work, we have developed atomistic models of rough (Lipid A and
core oligosaccharide) mutants of LPS. We have performed a series of molecu-
lar dynamics simulations of three TonB-dependent transporters from the outer
membrane of E .coli (BtuB, FecA and FhuA) in membrane models containing
various LPS mutants in the outer leaflet and mixtures of phospholipids in the
inner leaflet. These simulations are compared to our simulations of the same
proteins in symmetric phospholipid bilayers. The more detailed representation
of the E. coli membrane enables us to study the stability, conformational dy-
namics and diffusion of these membrane proteins in an environment that
more accurately represents the in vivo situation. Furthermore it enables us to
identify key protein-LPS and protein-phospholipid interactions that anchor
the proteins in the membrane and perhaps may also play a role in mediating in-
teractions with other proteins.
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A versatile Bilayer Phase for the Studies of Transmembrane Proteins’
Association
Gamal Rayan1, Myriam Reffay1, Martin Picard2, Nicolas Taulier1,
Arnaud Ducruix2, Wladimir Urbach1.
1Laboratoire de Physique Statistique, Ecole Normale Supe´rieure, Paris,
France, 2Laboratoire de Cristallographie et RMNBilogiques, Universite´ Paris
Descartes, Paris, France.
The fluorescence recovery after pattern photobleaching (FRAPP) method was
used to study the diffusion of membrane proteins, peptides, and lipids embed-
ded into the bilayers of a biomimetic sponge phase.
Lateral diffusion of membrane proteins is a useful tool for investigating the
function, and association of these biopolymers. FRAPP results can also provide
further information regarding their mobility, i.e. Brownian, accelerated versus
slowed down, as well as their location: transmsmbrane, membrane or in be-
tween the bilayers of a sponge phase (L3).
Using this L3 phase for membrane protein studies offers several advantages;
the distance between unsupported bilayers is easily tunable; the phase is non-
viscous and thus easy to handle; it is isotropic and therefore amenable to optical
studies as well as for crystallization assays. In order to ascertain whether the
phase is biologically relevant it was tested with several transmembrane proteins
which retain their activity inside the phase.
To illustrate our approach we will present the interaction between transmem-
brane proteins from a Pseudomonas aeruginosa efflux pump; MexA-MexB-
OprM. By measuring their lateral diffusion we were able to deduce the mode
of interaction, the size of the protein complex and its potential stoichiometry.
Chiefly, we will illustrate that MexA is embedded in the bilayer; that MexA
and OprM do not interact laterally but form a complex if they are inserted in
opposite bilayers and that the population of bound proteins is at its maximum
for bilayers separated by a distance of ~ 200 A˚, which is the expected periplas-
mic thickness for gram negative bacteria.
Platform AP: Muscle Regulation
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Mechanism of the Allosteric Interaction of Tropomyosin (TM) and Actin
to Increase the Sliding Velocity and Force as Measured by In-Vitro
Motility Assay using a-Tm Mutants
Yusuke Oguchi1, Junji Ishizuka1, Sarah E. Hitchcock-DeGregori2,
Shin’ichi Ishiwata1, Masataka Kawai3.
1Waseda University, Tokyo, Japan, 2Robert Wood Johnson Medical School,
Piscataway, NJ, USA, 3University of Iowa, Iowa City, IA, USA.
Force and sliding velocity were studied by using in-vitro motility assay on thin
filaments reconstituted with rat striated muscle a-tropomyosin (Tm) mutants
D2Tm, D3Tm, D23Tm, D6Tm, P2s Tm, P3s Tm, P2P3s Tm, and WT Tm, that
were interacted with HMM attached to the glass surface. D indicates the period
that was deleted out of 7 quasi-equivalent repeats of Tm. In P2s, P3s, and P2P3s
the nearby interface Ala cluster was ‘‘shifted’’ (‘‘s’’) to the respective period to
strengthen the Tm-actin interaction. The reconstitution was completed by an ad-
dition of bovine cardiac troponin (BVC Tn). From deletion studies, it was found
that the Tm’s period 3 is primarily responsible for the positive allosteric effect on
actin, with the period 2 contributing to the effect to a lesser degree. While the
actin interaction of the period 2 is ionic, that of period 3 is both ionic and
